SYNOPSIS. As infants, bats emit non-sonar calls that are species typical. Five different species of Hipposideros have contrasting neonatal calls. The calling rates increase and then wane with age in the same general pattern as seen in rodents. Infant bat calls show greater frequency sweep and higher repetition rates than those of rodents. In contrast to microchiropterans, infants of a megachiropteran, Eonycteris, emit calls with a lower repetition rate; the calls show no increase in frequency with age.
INTRODUCTION
Contact promoting vocalizations are pervasive throughout many avian and mammalian species. Acoustic signals are particularly significant to the survival of neonatal rodents and bats. Calls that attract the mother ensure the continuity of warmth, protection and nutrients. Nursing bats have the special problem of relocating their infant each night when they return from feeding. The infant must be localized in the midst of different aged infants of the same or different species. As infants mature, they more actively participate in the reunion; there is less need for the infant to vocalize because it can presumably hear, identify and approach its mother depending on the features of the roost site (Gould, 1977) . The repetitive sounds, or "excitation in-Drs. D. Wells, Young Hoi Sen, Lim Boo Liat, J. Green, Mr. D. Labang and Ms. C. Budusky provided helpful advice and assistance concerning collection sites and field logistics. 1 thank Dr. J. Furtado for numerous facilities and liaison.theUniversity of Malaya for the opportunity and honor of joining their faculty and D. (irishman for his field assistance. The Voice Analyzer was loaned to me by J. Heinz, Department of Otolaryngology, Johns Hopkins University. E. Poplovski meticulously typed the drafts and crosschecked citations. This research was supported by the Fulbright Hays Program, The National Science Foundation, Grant BMS 72-02337A01 and The National Institutes of Health Development Award5K04 HD12145. dicators," emitted by a variety of mammals including neonatal rodents and bats and adult shrews and tenrecs are associated with changing arousal state (Gould, 1971) . Similar sounds have been identified in polar bears (Wemmer rf al., 1976) , certain ungulates (Kiley, 1972) , caviomorph and murid rodents (Bell, 1974; Eisenberg, 1974) , marsupials (Eisenberg ef a/., 1975) and the black spider monkey (Eisenberg, 1976) .
Previous studies of neonatal bat sounds indicate that: 1) The more altricial the bat, the fewer and longer in duration the vocalizations in the newborn infant (Gould, 1975) . 2) Mother bats recognize their infant by its vocal signature (Brown, 1976) . 3) Pairs of notes with interpulse intervals ranging around 20-30 msec are common in the vocal repertoire (Gould et al., 1973) of young bats at some time during their development. 4) The calls of infants of each bat species have unique frequency patterns (Gould, 1975) . 5) The function of neonatal calls is to promote the reunion of the mother and infant (Brown, 1976) .
During a one year visit to Malaysia from 1974 to 1975, I recorded the vocalizations of ten species of bats including one nonecholocating form, the megachiropteran, Eonycteris spelaea. Descriptions of neonatal calls of three families of bats not previously recorded, Megadermatidae, Nycteridae and Emballonuridae confirm the similarity of these to other neonatal bat calls. For the first time the neonatal calls of closely related 481 taxa, five species of Hipposideros, are compared. Lastly, the sounds of young bats are contrasted with those of rodents, Since rodents and both suborders of bats probably evolved independently, the similarities and differences of their neonatal calls are of particular interest in comparative studies of communication.
METHODS

Care
Nursing and pregnant bats were collected within 30km of the University of Malaya campus, Kuala Lumpur, Malaysia (Gould, 1978a,ft) . All species recorded include infants that had been captured in the wild while they were attached to their mothers. All infants more than 1 dav old were recorded within 12 hr of capture in one of four flight rooms, each 7.6 X 4.6 X 3.6 m high in a building designed as a screened insectory. During recordings temperature ranged from 25-26°C. Infants < 24 hr old were born shortly after their mothers were captured; in some, Hipposideros bicolor, H. diadema and Taphozous melanopogan, they gave birth in a few days to 2 weeks after capture. H. bicolor, H. cineraceus, Nycteris javanica and some Megaderma spasma were kept in the flight rooms. Megaderma were kept in a cage 0.76 x 0.76 X 1.2 m.
All bats, except H. ridleyi, fed on small grasshoppers; H. bicolor and H. cineraceus also fed on fruit flies that came through the screening and collected on fruit placed on the floor. Water was provided from a plastic lined trough (2.1 x 1.2 x 0.08 m) fromwhich the bats drank while in flight. Megaderma, Nycteris, Taphozous and Tadarida were kept in various size darkened cages with grasshoppers and water ad lib. Eoncyteris were fed on a baby food and sugar syrup diet (Medway, 1969) presented in open dishes in darkened cages (370 x 225 X 185).
Recordings
Each infant bat was gently removed from its mother and immediately placed in front of a microphone out of range of the mother. In order to maximize the recording of all vocalizations, particularly from rhinolophids whose signals are highly directional, I held each infant gently in my hand in such a way as to avoid or minimize stimulation or physical constraint. All sounds were recorded at 76.2 cm/sec or 152.4 cm/sec on a Precision Instrument tape recorder (Gould, 1971 ). On a second channel of the tape recorder I recorded my observations. Some sounds such as those of Eonycteris, T. mops and Taphozous were also recorded with a Uher tape recorder at 19.1 cm/sec. Bat sounds were reproduced 8, 16 or 32 times slower than record speed. For the purpose of determining calling rate, only the first minute of calling was used (e.g., one minute of sound recorded at 152.4 cm/sec and reproduced at 4.8 cm/sec took 32 min to transcribe). I listened for typical sound types and recorded them on a Uher tape recorder at 19.1 cm/sec. Sonographs were produced using a VRL series 700 Voice Analyzer. Reunions were arranged by simultaneously introducing the mother and infant to a flight room with the infant on the floor and mother free flying.
Terminology
The following terminology will be used in this paper (also see Struhsaker, 1967 and Gould, 1977) .
Unit. The unit is the basic element of a sound uninterrupted by periods of silence or abrupt changes in frequency. The unit is represented as a continuous tracing along the temporal (horizontal) axis of the sonogram. Synonym: note.
Phrase. The phrase is a group of units separated from other similar groups by a time interval greater than any time interval separating the units within a phrase.
Bout. A bout is a grouping of one or more phrases separated from other similar groupings by a time interval greater than that separating any of the phrases within a bout.
Tonal unit. A tonal unit is composed of sound characterized by one or more relatively narrow frequency bands.
Isolation call (i call, Gould, 1971) . The i call is a tonal unit with nearlv constant fre-quency. Duration: about 20-60 milliseconds (msec). The i call is usually of one continuous unit.
FM pulse. FM pulses are tonal calls that are frequency modulated and sweep through roughly one octave. Duration: about 1 to 7 msec. CF pulse. A constant frequency portion is combined with a frequency modulated termination.
Pair. Two units which share a close temporal association and are separated from other similar units by a time interval greater than any time interval separating units within pairs (Woolf, 1974) . Intervals are measured from the beginning of one pulse to the beginning of the next.
Double-note (Gould et al., 1973; Woolf, 1974) , DN; DNS= plural). A DN is a particular pair in which one unit is relatively longer than the other. DNS occur in a short-long or as a long-short sequence.
RESULTS
Sonar and contact promoting calls
Nursing bats could not be kept in healthy condition for more than a few days: thus, cross-sectional data were obtained. I have assumed that by examining several bats of different sizes (and age) the variation observed provides a basis for characterizing the vocalizations of each species.
When removed from their mothers, newborn bats emit some sounds that are distinctly different from sonar calls. Three types of ultrasonic calls typify the vocal repertoire of eight genera of New World bats as well as nine species in this study: i calls, DNS and FM pulses (Gould, 1975) . A variance from this classification occurs in vocalizations of Hipposideros sp., Megaderma and Nycteris; in these Old World species, adults emit sonar pulses through the nose. But young bats also emit i calls, DNS, and sonar calls through the mouth; these sounds are of higher intensity than nasal sounds. Kay and Pickvance (1963) first noted that neonatal vocalizations of Rhinolophus hipposideros include sonar-like calls emitted through the mouth. Infant bats of the subfamily Rhinolophinae (Kay and Pickvance, 1963) and Hipposiderinae (this study) emit high intensity constant frequency (CF) pulses, DNS and i calls through the mouth. On a second (voice) channel of the recording tape my observations were noted as to whether the mouth was open or closed during vocal emissions. Frequently young bats emitted high and low intensity pulses alternately ( Fig. IF) . Similar high intensity calls, probably oral in origin, occur in some phyllostomatids (reviewed in Gould, 1977) .
The rate of DNS and i call emission increases during the first 2 weeks or so and then declines sometime before weaning (Fig. 2) . The rate of vocal emission never reached beyond ca. 2 pulses per second in Eonycteris but their calling rate follows a trend similar to that of microchiropterans ( Fig. 2 ). Pulse duration of Eonycteris calls is roughly the same in infants with forearms of 25 to 52 mm: x = 47 msec, range=26-52, s.d. = 17, n = 20 calls from 6 bats. Table 1 indicates that frequency of vocal emissions by maturing microchiropteran bats gradually increases (c/., Gould, 1971; Brown, 1976; Woolf, 1974) . CF pulses of a young Hipposideros sp. emphasize the second harmonic (Fig. IB , I.L); sometimes the dominant frequency is higher than the adult sonar call (Fig. 1M ). Adult calls emphasize the second harmonic (reviewed in Novick, 1978) . The frequency of contact calls emitted by Pteropus (Nelson, 1964) decrease with age (over a period of 3 months). The frequency of Eonycteris calls do not increase with age (Figs. 3,4; Table 2 ). In both Pteropus (Nelson, 1964) and Eonycteris infants there is an increase in the frequency of the oscillating fundamental ( Fig. 4 ; Table 2 ) with age.
The neonatal calls of all nine species of Microchiroptera in this study are species specific. Each sounds to the human listener to be distinctly different in frequency profile though similar in temporal features such as interval and duration.
Reunions
For each species, I recorded the infant and the mother separately in a room void of other bats. I also recorded the reunion of mother and infant of each species. If the mother failed to approach after 30 min I would put her in a cage (370 X 225 x 185 mm) and then place the infant about 10 cm away from her. Generally the infants took the active part by inching their way toward the mother. Each of the two Nycteris and the Megaderma responded like Macrotus (Gould, 1977) . Mothers of all three species approach calling infants immediately. The mother in each case circled the room and repeatedly approached its infant.
One Nycteris landed on my hand as I was about to place the infant on the floor; she guided the infant to her nipple and with infant attached flew off. Transcriptions of reunions of both Nycteris and Megaderma revealed that infants emitted high intensity i calls and DNS when their mothers flew close by. For example, in a typical situation, on one channel of the tape I had observed that the mother bat was flying to within 10-15 cm of the infant. On slowing the All specimens were nursing when captured. Note inter-and intraspecific variation. Large capital M = median of calling rates in the three age categories. 1 day = bats were less than 24 hours since birth and born in captivity or while tape, I at first heard nothing on the other channel; then the sonar calls of the mother sounded louder and louder; then the infant emitted i calls and DNS. As the mother's calls waned the infant calls ceased. The microphone had been held about 3 cm from the infant's mouth. During their attempts to reunite with their infants, Nycteris and Megaderma mothers emitted calls clearly audible to humans. My subjective impression was that these calls resembled "directives" emitted by Antrozous pallidus (Brown, 1976; Gould, unpublished) . When young Hipposideros were placed in the same cage a few cm from their mother, both bats vocalized. The calls of young Hipposideros (<2 weeks) were distinctly different from those of adults (Fig. 1 ). Note the they were collected. All other bats were collected while nursing; their ages were estimated. Each data point represents the calling rate of a different bat; n = 34 bats. The highest calling rate, about 300 calls/min, reported for rodents occur in Apodemas sylvaticus (Sales and Smith, 1978) . ascending FM pulse emitted by young Hipposideros armiger and H. cineraceus (Figure 1 F,J). The frequency profile is quite different from that of adult sonar calls.
Development at birth
We have data on the size of newborn infants of but 5 of the 10 species studied. Based on the presence or absence of hair, the opening of eyes and ears and the ability of newborn bats to emit different types of sound, Gould (1975) distinguished three categories of development: altricial, intermediate and precocial. On the basis of forearm length only, one might classify newborn Eonycteris as altricial; newborn infants are 37% of adult size. However, con- sidering other features such as the opening of the eyes and ears and the presence of fur, Eonycteris is more properly classified along with the other species in this study as intermediate in development (Table 3 ).
DISCUSSION
The logistics of mother-infant reunion in bats and rodents are quite different. Generally rodent reunions are confined to a fixed nesting locus in the absence of conspecifics other than sibs, mother and adult male. Bats usually have one infant per year in a communal roost. Rodents have several infants and several litters per year. The acoustic environment of a rodent nest must be relatively quiet compared to that of a bat roost. Judging from published sonograms and descriptions, infant rodent and shrew calls are much simpler and less frequently emitted than those of bats. Many bats recognize and nurse only their own infant (review in Gould, 1970; Brown, 1976) . Therefore it is not surprising that each of the 10 bats studied had species typical calls. The repetitiveness and the frequency sweep of infant calls are features that permit localization of signals (Marler and Hamilton, 1966) .
Presently the neonatal sounds of about 26 rodents (Sales and Smith, 1978) and 20 bats (Gould, 1975 (Gould, , 1977 Brown, 1976; Konstantinov, 1973) have been described. Representative sound types based on pub- Molossus is a call type that is emitted during the first one to three days after birth; subsequently increased frequency modulation and DNS characterize their vocal repertoire. Measurement of maximum frequency sweep in single units of vocalizations from infants <7 days of age indicate that bats emit calls with greater frequency change than those of rodents. Nine species of rodents: range = 0-37 kHz; median and mean = 12 kHz. (Hart and King, 1966; Noirot, 1966; Brooks and Banks, 1973; Sales and Pye, 1974; Sales and Smith, 1978) . Nine species of bats: range = 0-48 kHz; median = 15 kHz; mean = 20 kHz (c/., Woolf, 1974; Gould, 1975; Brown, 1976) . Bat calls tend to be snorter in duration and different infant i calls, 1 day old, FA = 28 mm, hand held. D.Eonycteris, 1 day old, FA = 26 mm. Note that in this call considerable energy occurs up to 25 kHz in the second and third harmonic.
higher in repetition rate than those of rodents (see Figure 2 and compare Table 7 .1 in Sales and Pye, 1974 with Figure 9 of Gould, 1977) . Presumably frequency sweep enhances the bat's ability to localize sound sources and discriminate species and/or individuals. Concomitantly, predation is an insignificant factor in neonatal bat survival. The moderate frequency fluctuation seen in most rodent and shrew calls may indicate minimal features that strike a balance between predator avoidance and parental localization of infant calls.
That natural selection may have favored species typical calls in order to obviate interspecific confusion may be illustrated by examples of roosting associations. Fourteen species of bats roost in Batu Cave near Kuala Lumpur, Malaysia (McClure et al., 1967; and Gould, 1978; Gould, unpublished) . At least seven species raise their young in the cave and at least three species choose roost sites within a meter of one another (Gould, unpublished Forearm measurements of all recorded infants 53, 76, 80 36,38,38,44,81 13, 15, 17, 17, 17, 17, 19,24, 25,27,34,35,36 25,27,27,31 19,24,25,32 28 30,37,38 30,32,36 25 26, 33, 35, 38,43,49, 52, 56 H. cineraceus FA at birth probably less than that of//, bicolor at birth. Newborn Eonycteris have FA = 24-25 mm and weigh 8.5-9 g (n =3); Start, 1974 . (Hutterer, 1976) Suncus (Gould, 1969) Apodemus (Sales et al 1978) Mus (Gould, 1969) Mus (Sales et al 1978) Peromyscus (Hart et al 1966) Peromyscus (Hart et al 1966) Eonycteris Pteropus (Nelson, 1964) Antrozous (Brown, 1976) Eptesicus (Gould, 1975) Molossus (Gould, 1975) Leptonycteris (Gould,1975) Hipposideros ridleyi
Hipposideros cineraceus
Hipposideros armlger
Hipposideros diadema
Carollia (Gould, 1977) Nycteris Desmodus (Gould, 1977) The CF pulses of adult Hipposideros are distinctly different for each of 5 species recorded in this study (Table 1) (c/., Grinnelll et al., 1972) . One might ask why are not the CF portions more prominent in the vocal exchange of mothers and infants or from isolated neonates. During development there is considerable overlap of sonar pulses by each species as the infants seem to experiment with their voices. On the other hand an infant that emits ascending FM pulses (H. diadema) is probably not going to be confused with one that emits descending FM pulses (H. armiger) (Fig. 1) . The frequency profiles characteristic of infant DNS and i calls of each species have distinctive features that obviate interspecific confusion.
Mother-infant reunion strategy is somewhat different in Eonycteris from that of other bats studied to date. All other bats of this study usually leave their infants at the roost when they depart for foraging. On the basis of 72 lactating female Eonycteris netted at Batu Cave and on the foraging grounds, Start (1974) concluded that infants are born outside the roost and for the first few days remain attached to the mother even while foraging. As infants mature, mothers carry them out of the cave (even until they are of flight size; personal observation) in the evening and deposit them somewhere while foraging. Interspecific confusion during reunions must be reduced by this behavior pattern. Fast temporal resolution and responsiveness to the second of a pair of sounds is the major receptive feature of the auditory system that is lacking in the non-echolocating bats (Grinnel etal., 1972a) . Perhaps this or other acoustic features limit the ability of Eonycteris to locate their infants in the midst of many other bats. Grinnell (1972a) points out that six species of Megachiroptera (Eutiycttris not included) have a peak sen-sitivity of 45-50 kc/s and that any study of communication in these species should include analysis of emissions at frequencies above the range of human hearing. I did use a microphone sensitive to ultrasonics but did not detect many calls with their major energy in the ultrasonic range. The neonatal calls of Eonycteris are repetitive like those of other bats but like many rodents their repetition rate does not extend as high as that of echolocating bats (Fig. 1) . Frequency patterns and temporal features of Eonycteris are somewhat similar to that of Pteropus (Nelson, 1964) ; both have a regularly and rapidly fluctuating fundamental (Table 2) .
Observations on the ontogeny of thermoregulation are consistent with interpretations of infant calls in terms of arousal states (Gould, 1971; Bell, 1974) . The time table for temperature regulation in bats (Weigold, 1973; Brown, 1976) is somewhat similar to that of some rodents (DeGhett, 1978) . Brown (1976) found that the repetition rate of neonatal calls increases with decreasing body temperature. Gould (1971) interpreted the repetitive calls of insectivores in terms of Andrew's (1964) thesis that the "contrast" of the stimulus can be increased by previous expectation. One might consider the warmth of the mother's body, litter mates, and nest as the previous expectation, Removal from the mother or nest (warmth and other vital stimuli) is the stimulus contrast that evokes calling in young animals.
